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(54) Capacitive and inductive element 

(57) Capacitive and inductive element (1) in which 
the plates (2, 3) are formed by sheets of conductive 
material wound in a spiral around a core (4) of ferro- 
magnetic material and separated from each other by 
dielectric material (5). 
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Description 

The present invention relates to a capacitive and 
inductive element. 

As is known, capacitors are formed from two metal 
plates separated by a dielectric. Generally the shape 
and parameters of the capacitor are designed in such a 
way as to eliminate or at least reduce undesired associ- 
ated inductance and/or resistance effects due to the 
imperfection of the physical components. Similarly, 
inductors used at present are made from coils and are 
optimized in such a way as to eliminate undesired para- 
sitic effects. However, there are circuits in which both 
capacitive and inductive characteristics are required, 
and in which both capacitors and inductors are there- 
fore provided separately. This results in significantly 
large dimensions and complexity, which is a disadvan- 
tage in certain applications in view of the current trend 
towards the reduction of the dimensions of electrical cir- 
cuits. 

The object of the present invention is to provide a 
component having controlled characteristics which are 
both capacitive and inductive. 

According to the present invention, a capacitive and 
inductive element is provided and is characterized in 
that it comprises at least one pair of plates formed by 
sheets of conductive material wound around a core of 
ferromagnetic material and separated from each other 
by dielectric material. 

The invention will now be described with reference 
to the attached drawings, which illustrate nonrestrictive 
embodiments of the invention, in which: 

Figure 1 is a view from above of the present capac- 
itive and inductive element; 
Figure 2 is a lateral perspective view of the present 
element; 

Figures 3 to 5 show simplified electrical circuits 
having capacitive and inductive characteristics 
which can be provided with the element according 
to the present invention; 

Figures 6 and 7 show equivalent diagrams of two 
variants of the element shown in Fig. 4; 
Figure 8 is a view from above of a further variant of 
the present element; 

Figure 9 is a view from above of the unwound plates 
of a further variant of the present element; and 
Figures 10 to 12 are electrical diagrams of circuits 
to which the present element may advantageously 
be applied. 



Figures 1 and 2 show an embodiment of the capac- 
itive and inductive element 1 according to the invention. 
The element 1 comprises a pair of plates 2 and 3 
formed by two conductive leaves or sheets (typically 
made of metal) wound in a spiral around a core 4 of fer- 
romagnetic material and separated from each other and 
from the core 4 by a dielectric 5. The plates 2 and 3 
have ends (corresponding to the ends of the two spirals 



visible in the view from above) forming terminals A, C 
and D, B respectively. 

The element 1 has an equivalent circuit shown in 
Fig. 5, in which the terminals A-D correspond to the ter- 
5 minals A-D in Figs. 1 and 2. In detail, the circuit 7, of the 
type with distributed constants, comprises a plurality of 
capacitive elements dC interposed between the line 
delimited by the terminals A and C and the line delimited 
by the terminals D and B and a plurality of inductive ele- 
w ments dl_ arranged along the said lines A-C and D-B. 
The inductive elements dL are coupled together mag- 
netically. 

Simplified equivalent circuits of the circuit 7 with 
distributed constants as shown in Fig. 5 are shown in 
1 s Figs. 3 and 4 and relate to the cases of circuits with two 
terminals and four terminals respectively. In detail, the 
circuit 8 shown in Fig. 3 has two terminals A and B, cor- 
responding to the terminals A, B of the element 1, 
between which are arranged an inductor 10 and a 
20 capacitor 1 1 , connected together in series. 

Similarly, the circuit 15 shown in Fig. 4 has four ter- 
minals A-D, similar to the corresponding terminals of 
Figs. 1 and 2; an inductor 16 is arranged between the 
terminals A and C; a capacitor 17 is arranged between 
25 the terminals A and D; a capacitor 18 is arranged 
between the terminals C and B, and an inductor 19 is 
arranged between the terminals D and B. 

The capacitive surfaces may be insulated from 
each other by any dielectric material suitable for the pur- 
30 pose. 

Preferably, the element 1 is made by winding two 
sheets of insulating material (for example mylar), metal- 
coated on one side, in a spiral around the core 4. Alter- 
natively, it is possible to make the element 1 by winding 
35 in a spiral a "sandwich" formed by two sheets of conduc- 
tive material (for example tinfoil) alternating with two 
sheets of insulating material (for example paper or 
mylar), and by impregnating the resulting structure to 
ensure its mechanical characteristics and the character- 
40 istics of sealing from the environment. 

The magnetic circuit of the element 1 may be open 
or closed, according to the shape of the core 4; in par- 
ticular, Fig. 6 shows a typical core 21 of square shape, 
around one side of which are wound the plates 2 and 3 
45 of the capacitor, shown diagrammatically in the figure as 
a conductor 22, forming a closed magnetic circuit. Con- 
versely, Fig. 7 shows a magnetic core 23 of cylindrical 
shape, similar to that shown in Figs. 1 and 2, forming an 
open magnetic circuit. The magnetic core may, how- 
so ever, have any shape suitable for forming a closed or 
open circuit, for example the conventional "core pot", a 
coupled pair of cylindrical magnetic cores, a single re- 
shaped core, etc. 

The magnetic circuit may be connected to other 
55 windings of the type shown, in other words formed by 
wound plates, or of a conventional (wire) type, thus 
forming a transformer with capacitive and inductive 
characteristics. One embodiment of a transformer ele- 
ment 24 of such a type, with a conventional winding 



2 



BNSDOCID: <EP,._ 0742567A1 J_> 



EP 0 742 567 A1 



around the core, is shown, for example, in Fig. 8, in 
which a wire winding 25 is arranged around the core 4, 
and the plates 2, 3 are arranged around the wire wind- 
ing. 

By using a plurality of magnetically coupled and 
interconnected devices 1, complete circuits with differ- 
ent characteristics can be obtained. One example is the 
case of a plurality of windings formed by plates con- 
nected in two groups, as shown in Fig. 9. This figure 
shows the flat unwound plates of a capacitive and 
inductive element 26. also comprising a magnetic core 
4 which is not shown. This element 26 comprises a plu- 
rality of first plates 27\ 27", 27"', and a plurality of sec- 
ond plates 28\ 28", 28". The first plates 27 are 
arranged side by side but separated from each other 
and are connected together along a first end which 
forms a terminal A' similar to the terminal A shown in 
Fig 1 (comb structure). The second plates 28 also form 
a comb structure, being connected together electrically 
along an end which forms a terminal B* similar to the ter- 
minal B shown in Fig. 1 . The plates 27, 28 are arranged 
so that they are interposed with each other in an inter- 
digitated configuration, in other words in such a way that 
each second plate 28 is arranged between a pair of 
adjacent first plates 27. The unconnected ends C\ C". 
C w of the first plates 27 and the unconnected ends D , 
D" D"' of the second plates form auxiliary terminals. 
The solution shown in Fig. 9 enables the capacitive 
component between the terminals A' and B' to be 
increased independently of the number of wound turns 
in each element 26. 

The capacitive and inductive element described 
has the following advantages. In the first place, it ena- 
bles the number of components in the circuits having an 
equivalent circuit similar to those shown in Figs. 3-5 to 
be minimized, thus reducing the overall dimensions. 
Moreover, in the case of application to high-voltage cir- 
cuits the fact that the same insulating method is used 
for the capacitor and the inductor is advantageous, 
reducing the associated costs. By providing a single 
element to form the circuits shown in Figs. 3-5, the 
external connections can be reduced; consequently, in 
circuits in which high-frequency voltage and/or current 
components are present, the electromagnetic radiation 
is reduced and. in circuits in which high currents are 
present, the efficiency is improved. In high-voltage cir- 
cuits, the reduction of the external connections also 
enables the efficiency to be improved and reduces the 
risk of discharges at the external connections. 

The element described may be used as a discrete 
element in series L/C circuits of the type illustrated in 
Figs. 3-5, in resonant UC circuits, or in resonant positive 
boosters, for example for starting discharge lamps. 

An example of application to a positive booster of 
this type is shown in Fig. 10. The positive booster 29 
shown in Fig. 10 comprises an alternating voltage gen- 
erator 30 to which a resonant circuit 1 5, identical to that 
shown in Fig. 4 (and formed by the capacitive and 
inductive element 1), and a lamp 31 are connected in 



parallel. The resonant circuit 15, comprising the induc- 
tors 16, 19 and the capacitors 1 7, 18, is designed to res- 
onate at the frequency of the alternating voltage v in the 
absence of a load (the lamp 31). When the load is dis- 
5 connected, the voltage between the terminals C and B 
is limited only by the parasitic losses of the circuit, and 
therefore may reach very high values. When the load 
(the discharge lamp 31) is connected, the circuit ceases 
to resonate and the system may be shown schemati- 
se cally as in Fig. 11. in which the circuit 1 5 is replaced by 
two impedances 33, 34 with values Z 1 and Z 2 , arranged 
between terminals A and C and terminals A and D 
respectively. In this circuit, the impedance Z s may be 
very low, and the impedance Z 2 may be very high. In 
15 this way, the circuit 29 can generate the high voltage 
necessary to start the discharge lamp 31 before the 
lamp is connected, but has a lower series impedance 
during the operation of the lamp after starting, as 
required, using only the component 1 for the circuit 15. 
20 The capacitive and inductive element 1 can also be 
used to generate pulsed magnetic fields in the magnetic 
circuit using the initial charging of the capacitor 11 
(equivalent circuit 8 in Fig. 2) and its subsequent dis- 
charge. An example of the application of a circuit 38 for 
25 generating pulsed magnetic fields is shown in Fig. 1 2, in 
which the capacitive and inductive element 1 according 
to the invention is shown diagrammatically with the cir- 
cuit 8 of Fig. 2 and is connected in parallel to a switch 39 
and to a continuous voltage generator 40. 
so The capacitor 1 1 is initially charged (with the switch 
39 open) at the voltage v by means of the generator 40. 
When the switch 39 is closed, the capacitor 11 dis- 
charges through the inductor 10, causing a high current 
peak and consequently a pulsed magnetic field in the 
35 core (4 in Fig. 1) of the inductor 10. 

By using the incorporated capacitance of the ele- 
ment 1 to form the capacitor 1 1 , it is possible to obtain 
high currents with low losses, and furthermore, since 
there are no parasitic capacitances in the winding, very 
40 low current rise times are obtained. The circuit shown 
may therefore be used advantageously in machines for 
magnetizing permanent magnets, in machines for mag- 
netic forming and in welding machines, by coupling the 
magnetic circuit to a secondary (for example the w.nd- 
45 ing 25 in Fig. 8). 

Finally, it is clear that the capacitive and inductive 
element described and illustrated herein may be modi- 
fied and varied without departure from the scope of pro- 
tection of the present invention. 

50 

Claims 



1. Capacitive and inductive element (1), characterized 
in that it comprises at least one pair of plates (2, 3) 
55 formed by sheets of conductive material wound 
around a core (4) of ferromagnetic material and 
separated from each other by dielectric material (5). 
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2 Capacitive and inductive element according to 
Claim 1, characterized in that the said plates (2, 3) 
are wound in a spiral, one around the other. 

3 Element according to Claim 1 or 2, characterized in 
that the said core (21) has a closed shape. 

4 Element according to Claim 1 or 2, characterized in 
that the said core (23) has an open shape. 

5 Element according to any of the preceding claims 
characterized in that it comprises a winding (25) of 
conductive material extending around the said 
magnetic core (4). 

6. Element according to Claim 5. characterized in that 
the said winding is of the wire type. 

7. Element according to Claim 5, characterized in that 
the said winding comprises a further sheet of con- 
ductive material (25). 

8 Element according to any of the preceding claims, 
characterized in that it comprises a plurality of first 
plates (27', 27", 27"*) connected together at one 
end and a plurality of second plates (28'. 28", 28"') 
connected together at one of their ends, each of the 
said second plates extending between an adjacent 
pair of first plates, and the said first and second 
plates being wound in a spiral around the said core. 

9 Element according to any of the preceding claims, 
characterized in that it forms a series LC circuit (8). 

10. Element according to any of the preceding claims, 
characterized in that it forms a resonant LC circuit 
(15). 

11 Element according to any of the preceding claims, 
characterized in that it forms an oscillating positive 
booster (29) connectable between an alternating 
voltage generator (30) and a load (31). 

12 Element according to any of the preceding claims, 
characterized in that it forms a generator of pulsed 
magnetic fields (38). connectable in parallel to a 
continuous voltage generator (40) and to a switch 
(39). 
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